The paper presents the stability analysis of the equilibria in a longitudinal flight of an unmanned aircraft with constant forward velocity. The motion of the aircraft is described using delay differential equations with constant delays, the delay being considered in flight control compartment. The goal is to study the effects of the delays for the stability of the equilibrium points. It is eventually proved that a Hopf bifurcation appears.
INTRODUCTION
Due to various domains of application, unmanned aerial vehicles (UAVs) are the subject of intense research. One of the active areas for this type of aircraft, refers to the longitudinal flight with constant velocity. Since a human factor to react in real time for this type of vehicle is missing, a special attention is given to the landing phase and the final approach of the UAV, controlled by an automatic flight control system (AFCS). Due to the fact that the velocity variation of the state variables depends on their past and present values, the differential equations associated with this model are differential equations with time-lag argument. The mathematical modeling of delayed processes is relatively recent and has become necessary with increasing interest in the development of complex automated systems in some areas such as aerospace, robotics and telecommunications. It has also been used to understand complex phenomena in areas such as biology, medicine, ecology and economics [1] . In aerospace, the cause of these delays results from the high order system complexity and in case of digital systems, from the inherent sampling time. Digital control systems are attractive due to the high computing power, which enhances the complexity of the flight control system. The delays have a significant effect on the longitudinal and lateraldirectional flight [1] .
THE MODEL
Automatic Landing Flight Experiment (ALFLEX) is an unmanned aircraft built by NASDAQ, Japan.
This vehicle is a reduced scale model of an unmanned reusable orbiting spacecraft, H-II Orbiting Plane (HOPE) [2] . The existence of equilibrium points for the unmanned ALFLEX
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reentry vehicle when the automatic flight control system fails was studied in [2] . The Automatic Flight Control System helps the aircraft to have quick responses to commands.
For this research we focused on the case of a steady longitudinal flight of ALFLEX, with constant forward velocity, in case the automated control system is decoupled. Assuming that the angles of attack and sideslip,  and  , are small and the forward velocity V is constant we recall the following mathematical model of the ALFLEX from [2, 3, 4] . For the external forces and moments we have the following expressions [2, 3, 4] . 
in system (1), we obtain the system that governs the longitudinal flight of the unmanned ALFLEX reentry vehicle. 
The following system of delay differential equations describes the longitudinal flight of an unmanned aircraft on the lines in [2] . 
THE STABILITY STUDY
Solving the equations 3 ,
we obtained the equilibrium points for system (2) . 
Consider the case in which the characteristic equation has the following form:
The following result comes from [5] , [6] and [7] 
In order for the roots of equation (7) to be in the left half-plane, the Routh-Hurwitz criterion leads to (6) . The proposition is proved.
To simplify the next calculations, we introduce the following notations:  
Consider the general form of the characteristic equation: 
Theorem 2. ([8], Theorem 1) Consider equation (9), where P and Q are analytic functions in a right-half plane

=0
(13) We have to find the positive roots of (13).
HOPF BIFURCATION
Consider the case 0   again. We recall that the characteristic equation is:
real valued. Proposition 2. Assume that (13) has a root y > 0. Then equation (8) In the first case, if we have stability for 0   , a Hopf bifurcation will appear when  exceeds *  (see [9] ) Proof: We prove the proposition by using Theorem 2 stated earlier. 
From which we get: According to [8] , the sign of s determines the direction of crossing the imaginary axis. The proposition is proved. Remark (see [8] 
NUMERICAL SIMULATIONS
Equations (3) give the equilibrium point (8.18; 0; 6.123313307151168). For the configuration of parameters found in [2, 4] we notice that, by (6) , the equilibrium point is stable for 0   , see Figure 1 . Equation (14) Figure 2 and Figure 3 . We remark the appearance of a limit cycle due to a Hopf bifurcation.
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CONCLUSIONS
In this paper we used models that describe the motion of an unmanned vehicle with constant forward velocity to study the effect of the delay introduced in the control parameter.
The stability of the equilibrium point was studied through the characteristic equation, and it was proved that a Hopf bifurcation appears. Numerical simulations show the oscillatory nature of the solutions. In future work we will study the stability of the limit cycle that appears due to the Hopf bifurcation.
NUMERICAL DATA
The following data were taken from [2] and [4] . 
